A series of methyl [3-alkyl-2-(2,4-dioxo-3,4-dihydro-2H-quinazolin-1-yl)-acetamido] alkanoate 10-13a-f has been developed on the basis of the N-chemoselective reaction of 3-substituted quinazoline-2,4-diones 3a-d with ethyl chloroacetate and azide coupling method with amino acid ester hydrochloride. The precursor quinazoline diones 3a-d chemoselective reactions were studied using DFT(B3LYP)/6-311G level of theory and were prepared by a new rearrangement method from the corresponding 2-(3-methyl-4-oxo-3,4-dihydroquinazolin-2-ylthio) acetohydrazide 6.
Introduction
Receptor tyrosine kinases have a critical role in the development and progression of many types of cancer (e.g., breast, ovarian, colon, and prostate). 1 The quinazoline nucleus is the scaffold of many antitumor drugs mainly acting as inhibitors of tyrosine kinase receptors (RTK). Anticancer agent Iressa (ZD1839) A is a clinically approved example of quinazoline-based inhibitors which is in phase III clinical trials for cancer used to inhibit the receptor tyrosine kinase of epidermal growth factor. also exhibit pronounced biological activities as antimicrobial, 7, 8 anti-HIV (NNRTI), 9, 10 anti-tumour, [11] [12] [13] [14] [15] [16] potential analgesic and anti-inflammatory activity. 17 Non-proteinogenic amino acids are major component in a number of drugs including β-lactam antibiotics 18 and glutamate antagonists. 19 The attachment of new heterocyclic compounds to amino acid esters might provide structures with interesting conformation, stability and biological activity. Recently we reported the molecular modeling studies and syntheses of methyl 2-(2-(4-oxo-3-aryl-3,4-dihydroquinazolin-2-ylthio)acetamido) alkanoates with potential anticancer activity as inhibitors for methionine synthase. 20 However a strong query still remains that is the development of simple, mild and efficient methods for preparation of quinazoline derivatives linked to amino acid residues by a spacer and the evaluation of their biological activities. In view of these facts and in continuation of our efforts in studing the chemoselective reactions of heterocyclic amides [21] [22] [23] and thioamides, 20, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] we found interesting to synthesize a series of quinazoline derivatives linked to amino acids by a spacer. Here in we wish to report a novel synthesis of 3-arylquinazoline-2,4-dione and use this precursor in the synthesis of methyl [3-alkyl-2-(2,4-dioxo-3,4-dihydro-2H-quinazolin-1-yl)-acetamido] alkanoate.
Results and Discussion
The hydrazide 6a-d reacted with a mixture of NaNO2 and HCl at 0 o C to presumably produce the azide. Then the in situ generated azide derivative was treated with triethyl amine in ethyl acetate to afford an interesting rearrangement and gave the dione 3a-d (Scheme 1). This procedure was discovered by our group on applying the amino acid azide coupling method to hydrazide 6a in the attempted preparation of methyl 2-(2-(4-oxo-3-aryl-3,4-dihydroquinazolin-2-ylthio)acetamido) alkanoates. 
Scheme 1
We further explored a suggested rationalized mechanism for formation of dione 3a-d. via azide I through tautomeric irreversible rearrangement which showed to start by Smiles rearrangement 38 as shown in Scheme 2.
A first step: acid catalyzed tautomerization of the azide derivative I giving rise to the enol II. Second step: oxygen nucleophilic attack on electrophilic carbon located at position 2 of the quinazoline system to give a five membered spiro-intermediate III leaving a negative charge on the nitrogen atom. This negative charge will localize again forcing the C-S bond cleavage which in return will attack the O-C-N3 carbon and the subsequent cleavage of SCHCN3 group to finally afford the dione 3a-d, Scheme 2.
Several examples were reported in literature showing similar results.
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The results obtained earlier show the formation of amides from resembling examples with the elimination of thiirane ring residue. A similar result was obtained by our group applying the azide coupling method to 2-[2-(4-phenyl [1, 2, 4] triazolo [4,3-a] quinoxalin-1-ylsulfanyl) acetohydrazide giving an interesting rearrangement with the formation of 4-phenyl [1, 2, 4] triazolo [4,3-a] quinoxaline-1(2H) thione. This latter reaction appears to confirm the formation of intermediates I and II, but differs in the cleavage of the spiro system probably due to the differences in the properties of quinazoline and triazoloquinoxaline ring systems. 
Scheme 2
The structure assignment of quinazoline dione derivative 3c (R 1 = C 6 H 4 OCH 3 ) is based on 1 H NMR spectroscopy, as well as physicochemical analysis. The 1 H NMR spectrum of the dione 3c gave an interesting pattern and it gave the clear evidence for the presence of dione derivatives in the form of tautomeric mixture in a ratio of 1:1. Structure modification of the model compound 3a-d could be simply achieved by chemoselective alkylation reactions with electrophiles. Thus, the reaction of quinazoline 3a-d with ethyl chloroacetate in the presence of NaH gave chemoselective N-substituted quinazoline derivatives 7a-d in good yield, Scheme 3.
The O/N reaction competitions in heterocyclic amides with electrophiles were considered as a major element for the synthesis of great variety of heterocyclic compounds of promising biological activities. Despite these types of reactions show great selectivity; the reason for the O-and N-atoms contributions were not yet described. Calculation of a number of parameters such as molecular orbital coefficients, charge distribution, and fukui functions of the model compound beside the experimental results might give us clear picture. The calculations were performed using MOLPRO program package. The optimized geometric structures were calculated using DFT(B3LYP)/6-311G level of theory. Taking into consideration the Fukui function reactivity indices; they give us information about which atoms in a molecule have a larger tendency to either loose or accept an electron. This function is used by a number of researchers to distinguish between soft and hard sites of different nucleophiles. 41 For simplicity we will focus only on the values of Fukui function related only to the competing ambident nucleophilic sites. The following table shows with no doubts that N-atom is the most susceptible site for nucleophilic attacks, soft site of the ambident nucleophile with larger value of Fukui function, The charge distribution on atoms in the model compound 3a as shown by Mulliken population analysis in the following table and the electron density represented by the following graphical presentation suggests that the oxygen atom is the hard site of the ambident nucleophile 3a, Table 2, figure 2. Total electron density of 3a HOMO orbital of 3a Figure 2 Figure 3 Finally, the graphical presentation of the HOMO orbitals shown, describes that the nitrogen atom has the highest-occupied molecular orbitals (HOMO) of high energy compared to that of oxygen atom, Figure 3 .
To summarize the results obtained from computational studies we found out that the nitrogen atom of the ambident nucleophile 3a has larger Fukui function, lower electron density, polarizable, high chemical reactivity and is termed as the soft part of the ambident nucleophile. The obtained chemoselective N-alkylation reaction of 3a with ethyl chloroacetate was favoured due to interaction between HOMO at the nitrogen atom of the ambident nucleophile with high energy and the LUMO of the electrophile with low energy, resulting in a narrow energy gap and high reactivity to finally give N-alkylation. This result was deduced on the basis of Pearson`s hard soft-acid base (HSAB) principle. © ARKAT USA, Inc 
Scheme 3
The esters 7a-d were reacted with hydrazine hydrate in ethyl alcohol for 4 h and gave hydrazide 8a-d, Scheme 3. Hydrazides 8a-d are excellent precursors for the quinazoline structure modification via azide coupling method. Azide coupling method is well recognized in the field of amino acid and protein chemistry via peptide bond formation leading to decrease in degree of racemization with easily removable by products. Thus, the reaction of hydrazides 8a-d with NaNO2 and HCl mixture at 0 o C principally gave the azide 9a-d. The in situ generated azide 9a-d solution in ethyl acetate subsequently reacted with amino acid methyl ester hydrochloride in the presence of triethyl amine to afford methyl 2-(2-(2,4-dioxo-3-substitutedquinazolin-1-yl)acetamido) alkanoate 10-13 in moderate to good yields. The in situ generated azide 9a also reacted with hydroxy proline hydrochloride in the presence of NEt3 and gave the N-substituted hydroxy proline derivative 14 in 62 % yield, Scheme 3.
The structure assignment of 2-(2-(2,4-dioxo-3-substitutedquinazolin-1-yl)acetamido) alkanoate 10-13 was based on The amino acid ester derivative 10a was our key substrate to produce the quinazoline ring system linked to a dipeptide by a spacer as a representative example. Thus the reaction of hydrazine hydrate with 10a in ethanol under reflux condition for 4 h afforded the hydrazide 15. Reaction of hydrazide 15 with β-alanine methyl ester in the presence of acetic acid, hydrochloric acid and sodium nitrite to produce the corresponding dipeptide 16 via azide coupling method discussed earlier. 
Experimental Section
General. The boiling point range of the petroleum ether used was 40-60 0 C. Thin layer chromatography (TLC) was carried out on silica gel 60 F254 plastic plates (E. Merck, layer thickness 0.2 mm), The spots on thin layer plates were detected by UV lamp. Melting points were determined on a Buchi 510 melting-point apparatus 
General procedures for preparation of compounds 3-alkylquinazoline-2,4-(1H,3H)-dione (3a-d).
To a cold solution (-5 o C) of hydrazide 6a-d (1.0 mmol) in AcOH (6 mL), 1 N HCl (3 mL), and water (25 mL) was added a solution of NaNO2 (0.34 g, 5.0 mmol) in cold water (3 mL). After stirring at -5 o C for 1 hour, a thick precipitate was formed. The reaction mixture was extracted in cold ethyl acetate (30 mL), washed with cold 3% NaHCO3, H2O and finally dried by (Na2SO4). The reaction mixture mixture was kept at -5 º C for 24 hour, then at 25 º C for another 24 hour. The solution was evaporated to dryness, and the residue was recrystallized from petroleum ether/ ethyl acetate to give the corresponding quinazoline dione 3a-d.
3-Phenylquinazoline-2,4-(1H,3H)-dione (3a).
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White crystals (0. 3-Methylquinazoline-2,4-(1H,3H)-dione (3d) . 48 White crystals (0.11 g, 62%) 2-(3-substituted-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-yl)acetate (7a-d) . Ethyl 2-(3,4-dihydro-3-methyl-2,4-dioxoquinazolin-1(2H)-yl) 2-(3-alkyl-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-yl)acetohydrazide  (8a-d) . To a solution of ester 7a-d (1.0 mmol) in ethyl alcohol (30 mL), hydrazine hydrate (2.4 mL, 5 mmol) was added. The reaction mixture was refluxed for 4 hours, cooled and the resultant precipitate was filtered off, washed with ethanol and ether then crystallized from aqueous ethanol to yield the hydrazide as a white crystals 8a-d .  2-(2,4-Dioxo-3-phenyl-3,4-dihydroquinazolin-1(2H)-yl) 2-(3,4-Dihydro-2,4-dioxo-3-p-tolylquinazolin-1(2H)-yl)acetohydrazide (8b). White crystals (0.16 g, 51 %) 2-(3-(4-Methoxyphenyl)-2,4-dioxo-3,4-dihydroquinazolin-1(2H)-yl) 2-(3,4-dihydro-3-methyl-2,4-dioxoquinazolin-1(2H)-yl) Methyl 3-hydroxy-2-(2-(2,4-dioxo-3-phenylquinazolin-1-yl)acetamido) propanoate (10e Methyl 3-hydroxy-2-(2-(2,4-dioxo-3-phenyl-quinazolin-1-yl) 
3-(4-Methoxyphenylquinazoline-2,4-(1H,3H)-dione (3c).
